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Disclosed is an apparatus for verifying a VLSI design at an early stage as well as a later stage, and 
particularly a VLSI emulator based on processors and reconfigurable chips. The model of the VLSI chip 
is divided into a functional part and an external interface part. The functional part is executed by a 
processing module having at least one processor, and the external interface part is executed by an 
external interface signal processor to generate real pin signals. The external interface part is 
implemented using reconfigurable circuits by programming the circuits. The communicating between the 
functional part and the external interface part is accomplished by transmitting and/or receiving control 
packets composed of control commands and/or or data. The intenal functional part and the external 
interface part are verified on a target system at an early stage of the VLSI design, which may reduce 
time for designing the VLSI and verifying and designing whole system. 
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M9t 

t^ S^sIS QilMaOIEIOil 21^SA|. S^jas S2J ^glF 21^ e]EISBOI:ii ¥M^S 

EIDl, 01 M Ami2| gaiilShg Sg0i2h OlOIEiS 01^012 eiElffllOl:^ itHOi M^im AhgShOl Ol^OiXI 

^^Aii^ eii^jih £i¥ eiEiEiioi^ ^^71^ s-xi °]-oii lhseioi, umi^ 

□1E1 e?ll(HIA1 LH¥ 7ls¥MIlf 2I¥ eiEiaiDI^ AI^^^ IHOIIAi Se^' ^ Si^Ol, [CF 

^/ 

£ 1° a «^g(H| [[^s Al^gjSJ 7^]1F Ah§ OliM EAI^fe £3 
£ 2^ ^SAilAI ^SAD^ 01IM SA|§|-^ ES 

E 3^ 2i¥ eiEiaioi^ 4SS7i°i mm EAi§fe es 



1 : SUEIH/XHOliM 2J1 

3 : ^SA!I^ Sia 4 

5 : eiEiitooi>i im im tm e.e 

7 : SSitis g 9 

10 : SUEIHAilOl 3SE1 12 

13 : t\\j oi^^ei iHiaa i4 

15 : BlIH 16 



(HieaioiEi 

£l¥ eiElffllOl^^ i!E 
mU 01^^21 ^SWIAI 

;^-iiDi7i 



^21 Vj060737 



s E's^ assise ofleaioi^era ss^^ ^ ^ &«oii ^^sai/mq ^^MimTfls 2 
sitis ^-^m son CKiMEiioidom soi garticH ->tsi Ai^^scoish^i Ai:^ig)iif 

StBXm gOI S^^l A|:;^g!E ^Stil S(H1 CCFEh ^^iS^^ afMOl ^0^71 [IH^Oil, ^5 Al^g 

gEH^i MMEflOlEi^ XH^S^fe S(FP6A : Field Programmable Bate Array)!^ XB^g^hs L1IM 

71I0IM feEi sise cHieeooii3 to. oi^t^ tmesooiEi^ ^tii?^ 
aa^ sase SMI aD. 

Qs thffi. WatkinsSJ DR 349012593:2] ASIC CHlMaOIE1(Eflulator)011Ai^. S^jg^ gSflSJ ± 
^M?4I0| 2ie SSEIMAl ^tSeHl, Hl°l 4^ti A| ^^^£1^ S dH^I Stg ASIC (Hl#aiO| 

El Ai^yoi 371^ awoi iss^s utMaa. h^m asEia^ asic (him9ioiei 21^ 

2f son fi^tioi 7:1^ s st^^s Eioi 2iD. 01 g-g^ olSMs sishoj oiieai 

Old ^EM ^ot^ai S7ai7h Sin ckfah s^sism 2§^h~ai S37^ siQ. d 

EH^h 21^ eiEin0Ol>i(HI fi^EI^ SdH 4i = MSfl01S 4^tS*0. 2) 

gSE12| I/O 5Me 01 m<yg ^SAIIAiSJ a^QII H|§B DH^ irEIQ. 3) HiirM gSEISf 

ASIC cHiMMoiEi^h m\mm mtm s^eih^ 2^ fe^on stfe y^^cK s^m 

Eie Ahgt^^S 01ll&ilOia(HI ^S^^S I'fioOT &s ^goi St^EIOl Aj^BOl 5HX|7il SQ. 

[[fB^Ai. B ^'SOilAI^ 2^Sl^2i aie 71^ ^^1L\ 21^ ojE^gioi^:: M£lo|-Dl, 7ls¥B2J 

^^»^ §I-U 014^21 ^^AIIAIS ^^/dl^ 2!2!0I S-^tHl 21^ ejEliHlOl:::^ ¥MS Xfl^§7h^ 

oieth 21^ eiEiioi^ ds: ^S7i7i- g-g^^o) E! ^i^M tm, 01 m mm m 

i}^ eiEIIlOl^ M0\ nil5!(SgO|2miO|E1S Al-gera 01^01X112, 01 KiSAHa 21 

^ °iEiitllO|>r d2 ^^7l)MmU2J l^xl °KHI LHSt^^SAM (HIMaiO|>32| ^El ^01 eM^^S Q 
grt^ ^EM fi^^h^ 2^t|S2J ^fllM ggW^ XIIAimHAI- 

^^AIIAIOil All^S7h3 S*# OIM?> 21^ SJEIliOl^ iJs: a«7tM 0|gt|-01 

(HIMEilOl^y^hH^ PAFoi OhLIEI- PA^eiSJ 0-711 Oil A12J ^IW^ XhS^OI 3§^^ 

itiioi^ xit^g^F^ n^mm oi^^hn, m^^2j m^s eiEisiioi^ xiiot eh^# Ahs^m. oi m 
m 5hU2j s^xioii wtm^^ (niMaioi>3 ^om g oi ^y^M ^ 

2iE^ tfemi 2{EK 

g-sepi ^it.^ b ^^swi [Cf€ ^sAiiAiah mm^7[^ mm AFgt.^ s^tis mi Mai 

OlEI^ ggera^ SSitl£2J 7I^^B2J ±^EO||Qi 4^15^1.^ QiAkoj sgAilA12K 

9-iicH am^ auEig 3em ths^hi oi6^^2j m(rom)2i-/:^s eh(ram)o^ z^gst oiiaEi 

2K ife"-?! ^SAilAISh DiiaEIZH^ 31^1-^ xflys Oj^OlS ^SAIl^ SSaSh 2^slS2J 2|i^ eiElfijiOl 
± ^tiiBl-^ Olfe^2j ^7;e S -feS^tl^SK ^'-^l ^^Ail^ 

5! d2 aStIS ^E7:h£j §7|tl-M ^It^ bHIH ^ :^il017IS Ol^OiS 21^ eiEiiHjOj^ tl 

s ^^7|2h; ^'■71 ^SAII^ eUSSI- 2!^ ejE11IO|:i: 4SS7IZ.I-2J oiEllOl^ i^llOi EBSi^J ^ais 

^iti- xii^]ih ^"-^i 21^ 2iEiitiioi>i AHg:?iai-^ Ai-:?! gge^g^ 2s^5|^7^ :?hi^i ai^^z.!- 

s ^^S2j ^^2\■ 01 Ei 7hxi §gs 0! y\m ^om ^sa ahhod 2j$ii a^^i asi n^m 

om g^a i^^§^ol g ^^g2i um^ty ^aiwiihi ch§k)i fe^AiithTii ssm. 

E IS s ^'S2j ^Ai (Hioii mm mmm\E\ Ai^g(oioKHiMaioiEi)ji^ n ai^sm ^sm^i ?i 

ESOIQI-. 

S^^l-a^ 2^51^2] 7l^g 7iath^ = M?||0i Hg2^ 21^ SiEliaiOl^ SIS Lmoi acK 

§ ESQil SiOlAI, lHlsaiO|Ei(2)^ 7l^g 7|0tl 4^EMai01 SIS ^^tSfF^ thU 0|^2| iSAIIAIS 
Ol^OiS ^S/dl^ 2!S(3)a- 21^ °]E1ffllOI>i EKHl im 2l^2f2j £!E1Hi0|>ie :Ql^g7^fe 
FP6A)^S Ol^OIS 21^ SIEilOl^i 4SS7|(4)M £tmHl SiEK ^SAIl^ 212(3) 

s 2i¥2^2i e!E^^l!0l>i7^ ai oichi ^Hg^i-^ eiEiitiioi^i xiioi eb^s 21^ eiEiEyoi^ ii± 

^^7|(4)S XB^(5)# MLHH, 2I¥ SJEIiBIOI^ «g7l(4)^ OIM ^B^^hOI fi^iEjOIAj^ 21 

(HI °^mM Ai^g(9)^s s:?i^e] dsi slhi^lk Ai>^g(9)£s^Ei s:?!^? iisM iioi 



i:3(6)0l 21CH ^S. M±^(S) LH¥2J gwas gB(7)0IU, 5 OflMEllOIEKIDOfl aiEIOf. 

ttS, MMaOIE-t(2)^ LHV2I aUEIg/lOi B6^01 2JV2J aUE1§/S10|g aSE1(10)2f 

d2J A|3fS0ll =SAO^ $?a(3)£S 4:=MS0OI HIm ChSSE (down- load) ohTIU 2JE11BI0|>: 

a 2^ =SAfl^ 2fl3(3)°J ^Al MP ^SoPI E30ID. 

iag)£IOI eUEIHl 3E2f MaSI(13)(HI «§-Elil, =SiMlA1(12)= DlieEI(13)0y Si^ ± 

=Ms«o) ais 4s*itH:h. oiii ±=M?jioi ai^ ^^tjhsi mms-s. uva^ ^4=:jh2j =sAOAj£f 
^<i?H5j maaoiiAi ^ siq. oi 2^ m^msi ssAOAizesj wds wd. xh^oi sratf 
DflaEid?)^ M(ra)M)]if/;^^ is(ram)£s qisacH si^m 4tsw 3=i oiei si^iu au 

71U ^s. Aiiiofl 2fs iian oh 5£AflAi(i2)= olOfl rati °!Eiiiiioi:i MQ\ w^m av eiElil 

01:6 Ajs 4Sg:?l(4)01l t||^(5)e e«B SLHSQ. ^S. A|>igl(9)0fl XhSM *i= S^OIl^ 21EiaO|:i: 

flioi m^^ ss- ojEEii^, heih qioieis qi^aoi, ^s. m^^om^ wsm §{= 

2 ^«7I(4)7^ ^5 A|i5:g|(9)21 »gM 201 S^2J^^ ^Ofl. lliF Sfg 7W£^ e!EinilOI:ii flIOi 

ni?i§ sLHoi □ soi sa. onMaioid fe^^ A^gxw 5.uE\^mo\ asEidoonAi 

aUEIH/JSIOI loB SLH^ gglHl °J*B i^OIEITiU SUEID HQ. 

a 3g £IV 2JE1IH10l:i: ii± aS?l(4)2J ^Al 0111 ggSh^l 9ity aSOID. a!5!(3)£SV 

Ei ay (5m wsb bois °iEinBoi;di «ioi nB5!s «ioi7i(i4)e sjjxi bini(i5)0fl Tassa. i?!2i 
s§oi2i- aoiEi^ 21V ejEiDiioi:i agofl [[fa- oia ^«eichs jm^s^hs sou 7ism a ds 

S|£(16)0|| SISB §flg€f= S dHM^l §3fcKs8quence)S D^MD^ T^AI ^a(6)£S SLHSQ. E" dS 
fe»StlS(16) LH2J i^SSIJhfe §£J XB^Sg (HliaiOld^J A|5f SOfl E^kH^ ?Sd(3)LH°l 
DBaEI(13)SJ ROM, XB^S d§ TOM/RAMM TclSEIOI 2i= StOB £ltB OIVOIKITtU aUEIll/ 
MQ\ 5M(1)0il 2JSB Q-SSE E|0) OIVOI BO. 

S{7|2J Spoils iJ:2!!(6)«SVE1 gjSO 3tl bliH(15)0fl TaSt^ ^ 01 ^EHM a!2(3)01l M 

^Q. Has ^011 ^sah^ a!d(3)s Tci&aoi 2i= am 7^73^^c^. miadB)^ hsab^ 2!d(3)ah 
a ds tie(i6)2f°j ^s.t[m &#sni iiJia ai?i^ tuif. bHiH(i5)(Hi si 

^ [JOIEiM S d± aS(16)7f SgOIOil [[fEf 371512! dsS ifc3S(6)oS SLHSa. 

0I& ^Stl LHgm #SB §-a»Bh3 S ^^2J Af^g ^l^CT S^IOIIAI OVt^ 33 S! 4^ 

§ ^APh yymim ^ 4^ sum aoicK 

01 4^ m^ti m9} ^01 a g-gofl [[fsg, pxFS! ^:'|2J ^Si" OH_lEf ClWe! ^:7|2J ^711 a mis 
SflOldOl UflSOfl, SSitlS ^TII i^lOB 71^ VM3f 21V ejailOli^M 2S^4= Sl°Dt, 01 

OB [Q-a gg Al±g JHg- Al^^g B^'^' 4= 2]ll-7f SiD. 

g^tr 1. 25!as gg oflgefloidsi-oi 2#eh7i §«sai, 

2esra= ^isv^sj i=ssfloi a^g ^^t\^ oi&^°i =sA-iiAid2)2K i=Msti 

01 aig TaStH! Sm Olfei-SI l(R0M)2h/^s S(FIAM)£g ^gS lliiaad3)2h, 

= SA■flA^(12)S^^Dliaa(13)^^g 3gm= XB^S DIVOIS =£A1IA| ^lei-SI =eA||a a!d(3)2|-; 

SSiggoj 21V 2!E1iifl0lri: a^g ^^t\^ Z\U 0I&^2J XBSS^hs rtWM ^SS S dS 
a«gg(16)2f. =eA-fl^ 2!!d(3)2fEl d£ *SgS|S(16) ZJ-^I ^a»2J Sr#2f gi^lSFg 9lt]- 
Uilt|(15) S! 73I017|(14)S Ol^Oid 21V e!EilO|>: d2 a«:'l(4)2h; 

^71 iSAB^ efld(3)2h 21V SJEIiBIOI^: dS 4§«:7l(4)2l-2| ejaiOIri HOI I||?i2J Wdg tl 
y(5)]U; 

21V eiaiOl^: dS ag7l(4W. ggSra^ S^JSlS^h S^^EIOI 4=S§ Alii:y!(9)Zf£) 

9ig *it^ i!3S(6)g smh^ =gA0Ai2f XBSS i^hssg Ahm*e ss^ge oilgaoia. 

2. SI 1 t^mi SIOIAI, 21VIH1AI2I MiaiOld aUEID a XflOJSU-. ^i-^l iSAIl^ 2! 

d(3)2e rt5M?|0) a^2f aUEIH sag DSSE(dov»n-load) oCTU 21V SiaiilOlili dS 
7I(4)LH2J »|gS7ffe ^XH IB^Ssh^l 9ieh01 EUEitl/i^O) aSE1(10)aF 3iiEI= aL|Elil/«|Oi 
5Md)g □ ^blt^ 21g ^S°S 5h= iSABAief XBSg 7ffegg Mlt^ S^jsis (fflgaiOIEI. 
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